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Descripti n 

5 [0001 ] Tbe present invention p^cvides a novel sialidase and DNA coding for it. More precisely, the pr^ait invention 
provides siaGdase that localizes in plasma men^rane. and specif tcally hydrolyzes gangliosldes, ar%j DNA coding for it. 
[0002] The sialidase of the present invention and the DNA cocfing for it are expected to be utilized as a reagent used 
for saccharide chain studies and a medicament used for gene diagnosis and gene therapy. 

10 Background Aft 

[0003] Sialdase is a glycohydrolytic enzyme present in living bodies, which eliminates a sialic acid residue from a 
norvreducing terminal of saccharide chains of glycoproteins or glycolipids. It has been known that, when sialic add is 
removed from saccharide chain molecules, not only the degradation of these molecules begins, but also molecular con- 

15 formation and n^rry of important cell functions such as recognition mechanism by receptors, cell adhesion, and immu- 
nomechantsm may be changed. It has also become dear that sialidase exhO^rts rapid activity change in connection with 
proliferation and canceration of cells, and it is involved in the metastatic ability of cancer ceRs. Hcwever, there Is little 
knowledge about how sialic acid is eliminated in Wvo. This is because the studies of mammalian sialidases on the 
molecular level are behindhand, and hence there are many unknown points concerning their stmctures and expression 

20 mechanism. 

[0004] Because nrammalian sialidase exhibits only low activity, and is extremely unstable, isolation and purification of 
the enzyme have been difficult. Sialidase has been often considered for a long tin^ to be one of the mere lysosomal 
enzymes involved in the dissimilation and degradation. Under such a situation, we isolated and purified the enzyme by 
using mainly rat tissues as the source of the enzyme, and found that there were four types of sialidases which differ from 

25 sialidases of t>acteria, viruses, protozoa and the like in their natures (Miyagi, T. and Tsuiki, S.. Eur. J. Biochem. 141, 75- 
81, 1984; Miyagi. T ef a/.. J. Biochem.107, 787-793, 1990; Miyagi. T and Tsuiki, S., J. Biol. Chem. 260, 6710-6716, 
1985). These enzymes each localize in lysosomal matrix, lysosome menrt)rane, plasma membrane (cell surface mem- 
brane], and cytoplasm within a cell, respectively, and they are different from each other not only in enzynxslogical char- 
acteristics such as substrate specif idty, but also in immunological properties. Among those sialidases. the sialidase 

30 localized in cytoplasm can be obtained as a homogenous purified product from rat skeletal musdes. Its cDNA cloning 
has been succeeded for the first time in the worki as for animal sialidases. and its primary structure has been deter- 
mined (Miyagi T. et a!., J, Biol. Chem., 268, 26435-26440. 1993). Its genomic structure analysis has also been done, 
and as for its function, it has been elucKtated that the enzyme partidpates in the differentiation and the growth of skel- 
etal muscle cells by using the cDNA as a probe. These studies can be considered a part of pioneer researches in sial- 

35 idase studies in the world. 

[0005] By the previous studies, it has become dear that there is possibility that the sialidase localized in plasma mem- 
brane exhibits activity elevation upon proliferation and canceration of cells, and it is also deeply concerned with the dif- 
ferentiation of nerve cells and the signal transduction of cells. To date, however, it has not been understood at all about 
the structure of this enzyme, the mechanism causing the activity change and the like. In order to answer these ques- 

40 tions, what many researchers in this f ieki have long t>een desired is doning of its cDNA. For example, if the mechanism 
of cancerous change due to this enzyme could be elucidated, it would be possible to utilize the results in diagnosis and 
therapy of cancers. Further, because gangliosides exist in surface merrtMBnes of many cells and participate in impor- 
tant cell functions such as cell adhesion and infcxmational communication, and they are also main cerebral compo- 
nents, the sialidase utilizing them as a specific substrate is estimated to be involved in certain important cranial nerve 

45 functions. 

Summary of the Invention 

[0008] The present invention has been accomplished in view of the aforementioned present condition. An object of 
so the present invention ^ to provide the sialidase localized in plasma membrane and DNA that codes for it. 

[0007] The inventors of the present invention earnestly corseted studies in order to achieve the aforementioned 
object, and as a result, succeeded in isolating the sialkiase localized in plasma membrane and doning of cDNA coding 
for it. Furthermore, they found that the aforementioned sialidase was unique in that it substantially specifically hydro- 
lyzed ganglioskies (glycolipids containing sialic add), which are substrates that similarly localize mainly in plasma 
S5 membrane, and it was completely different from other mammalian sialidases and miaobial sialkiases in enzynatic sub- 
strate specif ictty. Thus, they aocorrplished the present invention. 
[0008] That is, the present invention provides a protein defined in the following (A) or (B): 
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(A) a protein which has the amino add sequ^e of SEQ ID NO: 2 or SEQ ID NO: 4, or 

(B) a protein which has the anrnno acid sequence including substitution, deletion, insertion, r transrtton of one or 
several amino acid residues in SEQ ID NO: 2 or SEQ ID NO: 4, and exhibits activity to eliminate a sialic acid residue 
from a non^edudng termina) of ganglioside . 

5 

[0009] The present invention also provides DNA coding for the protein ddlned in the above (A) or (B). Specifically, 
such DNA may be DNA which has the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3. 
[001 0] A sialidase which has the aforementioned characteristics win be referred to as the **staltdase of the present 
invention* hereinafter, and DNA coding for it will be referred to as the "DNA of the present invention" hereinafter. 
10 [001 1 1 Hereafter, the present invention will be explained in detail. 

( 1 ) Sialidase of the present invention 

[001 2] The sialidase of the present invention is a protein which has the amino acid sequence of SEQ ID NO: 2 or SEQ 
15 ID NO: 4. Moreover, the sialidase of the present invention include a protein which has tine amino acid sequence includ- 
ing sitetitution, deletion, insertion, or transition of one or several amino acid residues in SEQ ID NO: 2 or SEQ ID NO: 
4, so long as it exhibits activity for eliminating a sialic add residue from a non-reducing terminal of garYglioside. 
[001 3] Among tiie aforementioned sialidases, the sialidase tiiat has tiie annino acid sequence of SEQ ID NO: 2 has 
the following physicochemical properties. 

20 

(1) Activity 

[0014] It eliminates sialic add residues from a non-redudng t^minal of gangliosrda 
25 (2) substrate specif tdty 

[001 5] It acts on gangliosides, but not act on glycoproteins and oligosaccharides. Specrficaily, it acts on GD3-ganglio- 
side, GDIa-ganglioside, G^-ganglioside, and synthetic gangliosides (GSC-17(a2-3) and GSC-61(a2-6)), but it do^ 
not substantially act on GM2-ganglioside. GMI-ganglioside. orosomucoid. fetuin, glycophorin. ovine subnrnaxillary gland 
30 mucin, and bovine subnrmxillary gland mudn. It weakly acts on a2-3 sialyllactose, and 4-MUNeuAc (4-methylumbellif- 
eryl N-acetylneuraminic acid). 

(3) Optimum pH 
35 [0016] 4.7 to 5.0 

(4) Molecular weight 

[001 7] About 65,000 as determined by suaose density gradient centrifugation. 
<o [001 8] About 52,000 as determined by SDS-polyaaytamide gel electrc^oresis under redudng concfition 

(5) Inhibition and activation 

[001 9] A surface active agent is required for the activity. For example, it is highly active in tiie presence of 0.1 to 0.2% 
45 of Triton X-100. 

[0020] It is strongly inhibited by heavy metal ions such as Cu^"^, and 4-hydroxy mercury benzoate. 
[0021 ] It is stabilized by dithiothreitol, Neu5Ac2en (2-deoxy-2,3<lehydro-N-acetylneuraminic add), and glycerol. How- 
ever, tt is weakly inhibited by Neu5Ac2en. 

[0022] Among the sialidases of tiie present invention, tiie sialidase which has the aforementioned charact^istics is 
so an enzyme derived from bovine, whereas the sialidase which has the amino acid sequence of SEQ ID NO: 4 in one 
derived from human. These exhibit 82% honrK>logy in their amino acid sequences, and tiiey have a transmembrane 
domain, glycosylation site, and Asp-box, which is a consensus sequence of sialidase, at the same locations. Therefore, 
the enzyme derived from human is considered to have the same physicochemical properties as the enzyme derived 
from bovine. 

55 [0023] The sialidase of tiie present invention can be obtained from a bovine brain, for exanpte. as follows. All of the 
fdk5wing procedures are preferably canied out at a low temperature. 

[0024] A bovine brain is homogenized in a buffer, and centrifuged at 1 000 x g for 10 minute, and the sipernatant is 
further centrifuged at 30.000 x g for 1 hour. After the c^rfugation, the precptate fraction is suspended in a buffer, 
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acfcled 5% deoxycholic add, suffiaerttly homogenized, and centrifuged at 100.000 x g for one hour to obtain a soluble 
fraction as a supernatant. The tMJffer preferably cx)ntains an inha»tor for proteases, dithiothreitol. surface active agent 
artd the (ike. 

[0025] The above soluble fraction is af^tied to a DEAE-celtulose column and, after the column is washed, eluted with 

5 a buffer containing 0.2 M NaCI for fractionation. A fraction exhibiting the sialidase activity is diatyzed against a buffer, 
then applied on Octyt-S^harose, and separated by etution with a linear gradient cf 0.1-0.4% Triton X-1 00. 
[0026] Then, an active fracticni is applied to Heparin-Sepharose (Pharmacia), washed with a buffer containing 0.25 M 
NaCt. and eluted with a 0.2- 1 M NaCI linear gradient to concentrate the active fractic^. The above concentrated enzyme 
solution is loaded on Sephacryl S-200 (Pharmacia), and separated by elution with a buffer containing 0.02 mM 

10 NeuAc2en (2-deaxy-2.3-dehydro-N-ac^neuraminic add). 

[0027] The obtained active fraction is dluted to have a Triton X-1 00 concentration of 0.02%, added to RCA-lectin aga- 
rose (Phamnada). washed vinth a buffer containing 0.02% Triton X-1 00. and eluted with a buffer containing 0.2 M lac- 
tose. This active fraction is loaded on a MonoQ (Phanmda) column, and eluted with a 0-0.5 M NaCI linear gradient. 
[0028] The active fraction is loaded on an activated thiol Sepharose (Pharn^cia) column, washed with a 0. 1 5 M Nad 

15 buffer containing 10% glycerol, and then with 0.5 M NaCI buffer containing 10% glycerol, and eluted with 0.05 M NaCI 
buffer containing 0.05 M drthiothreitol. The active fraction is concentrated In a MonoQ column. 
[0029] The above concentrate is loaded on an affinity column utilizing a synthetic ganglioskie GM3 [GSC-2 1 1 , NeuAc- 
Qal'Qlc-0(CH2)8NH2] as a ligand (hlasegawa A. et al. J. Cartx}hydr. Chem.. 9. 201-214. 1990), and separated by elu- 
tion with a 0-0.5 M NaCI gradient. The affinity column can be obtained by allowing GSC-21 1 to coiple with ECH-Sepha- 

20 rose (Pharmacia) in tiie presence of N-ethyl-N'-(3*-dlmethylnaminopropyl)cart>odiimide hydrochloride. 

[0030] The sialidase enzyme is purified as described above as a protein having a molecular weight of 52 kD as deter- 
mined by SDS-polyacrylamide gel electrophoresis. 

[0031] Further, since DNA coding fcMr the sialidase of the ii^-esent invention has been obtained, the sialidase of the 
present invention can also be obtained by expresang the DNA In a suitable host-vector system. As for tiie host-vector 
25 system, a cultured cell can be used as a host, and a vector suitable for this host can be used. Materials and methods 
therefore may be those usually used for the production of heterogenous proteins utilizing genetic recombination tech- 
niques. When DNA coding for the sialidase of the present invention is llgated to a vector, a vector containing sequences 
required for regulation of gene expression such as promoter and terminator that can be expressed in the host as 
required may be used. 

30 

{ 2) DNA of the present invention 

[0032] Because tiie amino acid sequence of the protein encoded by the DNA of the present invention has been elu- 
cidated, the DNA of the present invention can be cloned t>ased on the amino add sequenca In the examples mentioned 

35 below, a partial amino add sequence of tine sialidase of the present Invention is determined, oligonucleotide primers 
are synthesized based on the partial amino add sequence, and the DNA of the present Invention is obtained from a 
bovine brain cDNA library by PCR (polynrierase chain reaction) using the oligonucleotides primers. 
[0033] Although the sequence of the DNA of the present invention is not particularly limited so long as it codes for the 
amino add sequence of SEQ ID NO: 2 or 4. the nudeotide sequences of SEQ ID NO: 1 and 3 can be specifically men- 

40 tioned. Further, extetence of sialldases having the amino acid sequence of SEC ID NO: 2 or SEQ ID NO: 4 including 
substitution, deletion, insertion, or transition of one or several amino add residues* and genes coding for them is 
expected due to difference of anin^ spedes. Individuals or varieties. Such DNA coding for tiie substantially same pro- 
tein as the sialidase of the present invention also falls within the scope of tiie DNA of the present invention. Such DNA 
can also be obtained from a cell hartx>ring it by hybridizing it with the nucleotide sequence of SEQ ID NO: 1 or 3 or a 

45 part thereof under a stringent condition, and isolating DNA coding for a protein which has sialidase activity. DNA coding 
for a sialidase having such a mutation as mentioned at)ove may also be obtained by, for example, site-specific muta- 
genesis or mutagenic treatment 

[0034] The term "one or several" amino acid residues means 1-80, preferably 1-30, more preferably 1-5 amino acid 
residues. 

so 

< 3) Progressive applications of the sialidase of the present invention and DNA coding for it 
[0035] 

55 (1 ) Because the sialidase of the present Invention exhibits substiate specif icity unique in that it substantially specif- 
ically hydrolyze gangliosides, a recombinant faving the enzyme or DNA coding for the enzyme has much possbility 
for use as a reagent for saccharide chain studies. 

(2) As one of the means for normalizing abnomrmlrty of this enzyme observed in cancer cells, for example, anti- 
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sense therapy, which is a kind of gene therapy, wiU be expected in future The gene structure darified by the present 
invention is the important irtfbrmation for it Moreover, if the expression mechanism of this enzyme becomes dear 
by genome structure analysts utilizing the cDNA as a prc^e, it will also become possible to normalize the abnor- 
mality of the expression of this enzyme in carK^r and the like. 
5 (3) Because of two reasons, Le., the characteristic that the enzyme specifically deoonposes gangliosides tf^t are 
main conrponents of brain, and its involvement in differentiation of nerve cells, the abnornnlities of this enzyme 
may be found in certain brain diseases. In such a case, the information about the gene may be much utilized for 
development of gene th&epy and n^caments. 

10 Brief descriptjon of the Drawings 

[0036] 

Rg. 1 represents the amino acid sequences of peptides obtained by endoproteinase digestion and lysyl endcpepti- 
15 dase digestioa The amino acids represented with minor characters in the figure are amino acids of low determi- 
nancy. A Lys residue presumed to have bound to the N-ter minus amino acid is represented with (K). 
Rg. 2 represents alignment of deduced amino add sequences of a PGR product (BBmSD) obtained by using 
bovine brain cDNA as a template and a rat skeletal mi^e cytoplasmic sialidase (RMcSD). Common amino adds 
are represented with dots and analogous amino acids are represented with asterisks The highly homdo- 
20 gous regions used for the preparation of a probe are underlined. 

Rest Mode for Carrying Out the Invention 

[0037] Hereafter, the present invention will be explained more specifically with reference to the following examples. 

25 

( 1 ) Purification of sialidase localized in plasma membrane 

(1) Method for measuring sialidase activity 

30 [0038] In this example, sialidase activity was measured as follows. 

[0039] A reaction system (0.2 ml) contained 50-1 00 nmol of sialic acid-bound saccharide substrate, 0.2 mg of bovine 
serum albumin, 15 nvnd of sodium acetate buffer (pH 4.6), 0.2 mg of Triton X-1 00, and an enzyme fraction, arxi a sub- 
strate consisting mainly of bovine brain mixed gangliosides (Sigma, Type II) was used. 

[0040] A reaction mixture having the aforementioned composition was irKubated at ST'C for 1 5-60 minutes, and the 
35 reaction was stopped by quick freezing. The released sialic add was quantitated by the thiobart^ituric add method of 
Warren (Warren L, d Bioi Chem. 234, 1971-1975. 1959) at 549 nm and 532 nm. In Steps 1, 2. and 7 explained below, 
the quantitation was performed by the same method after the reaction product was passed through an AGX-2 ion 
exchange mini column. The amount of the sialic add (nmol) released per hour was defined as 1 unit. When a syntiietic 
substrate, 4-methylumbeIliferyl N-acetylneuraminic acid (4MU-NeuAc) was used as the sialic acid-bound saccharide 
40 substrate, Triton X-1 00 was excluded from the reaction system, and released 4-methylunt>elliferone was quantitated by 
a f luorospectrophotometer. 

[0041 ] In this example, the amount of enzyme protein was measured by the Bradford method (a kit of Biorad Ca was 
used), or the BCA m^od (Piece Chemical Co.). Further details of the measuring methods are found in the previous 
report (Miyagi and Tsuiki. J. Biol. Chem. 260, 6710-6716, 1985). 

45 

(2) Sdutntization and purification of bovine membrane-bound sialidase 

[0042] The whole procedure described below was carried out at 4'*C. Bovine brains obtained from a slaughterhouse 
were freezed at -80°C until they were used. 

5£? [0043] 200 g of bovine brain was added 9 volumes of 0.32 M sucrose, 1 mM DTT (dithlothrertol), 1 mM EDTA, and 
0.1 mM PMSF (phenylmethylsulfonyl fluoride), homogenized by a glass Teflon honrK)genizer, and centrifuged at 1000 x 
g fori 0 minute. The resulting supernatant was further centrifuged at 30,000 x g fori hour. After the centrifucation, the 
resulting predpitate fraction (Step 1) was suspended in Buffer A (20 mM potassium phosphate, pH 6.8, 0.1% Triton X- 
100, 1 mM EDTA, 1 mM DTT) containing 180 ml of 0.1 mM PMSF, then added S% deoxycholic acid, suffidently homog- 

55 enized. and centrifuged at 1 00,000 x g for one hour to obtain a supernatant as a soluble fraction (Step 2). 

[0044] The soluble fraction was applied to a DEAE-cellulose column (4.5 x 20 cm) equilibrated with Buffer A, washed, 
and eluted with Buffer A containing 0.2 M NaCI to collect 15 ml-fractions (Step 3). The active fraction was dialyzed 
against Buffer A, then applied to an Octyl-Sepf^rose column (2.5 x 7 cm) equilibrated with the same buffer, and eluted 
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with a linear gradient (400 mQ of 0.1-0.4% Triton X*100 to collect lO-ml fractions (Step 4). 

[0045] Then, the active fraction was applied to a Heparin-Sepharose cclunm (1.5x1 cm), washed with Butter A con- 
taining 0.25 M NaCI. and eluted with a 0.2-1 M NaCI linear gradient (200 ml) in Buffer A. and the active fraction was 
concentrated by ultrafiltration using a YM*10 manbrane (Step 5). 
5 [0046] Concentrated enzyme solution obtained from 3 times of the ^ution from the Heparin-Sepharose column was 
loaded on a Sephacryl S-200 column (Pharmacia. 1.5 x 2.5 cm.), and eluted with Buffer B (20 mM potassium phos- 
Ftete. pH 6.8. 0.04% Triton X-100. 1 mM EDTA. 1 mM DTT. 0.02 mM NeuAc2en [2<ieoxy-2.3-dehydro-N-acetyl- 
neuramirtic acid]) at a flow rate of 10 ml/h to collect 2-mI fractions (St^ 6). 

[0047] The active fraction from St^ 6. which was diluted so that it should have a Triton X-1 00 concentration of 0.02%. 
10 was applied to an RCA-lectin agarose column (1 .5 x 2.5 cm) equilibrated with Buffer B in which only the concentration 
of Triton X-100 was changed to 0.02%. washed with the same buffer, and eluted with Buffer B contcuning 0.2 M lactose 
(Step 7). This active fraction was applied to a MonoQ (HR 5/5] column (Pharmacia), eluted with a 0-0.5 M NaCI linear 
gradent in Buffer B, and stored at •20''C (Step 8). 

[0048] The fraction obtained from 3 times of the elution in Step 8 (corresponding to 1 .8 kg of the starting material) 
IS was loaded on an activated thiol-Sepharose column (Pharmacia, 1 .5 x 2 cm), and eluted with Buffer B containing 0.15 
M NaCI and 10% glycerol, and then with Buffer B containing 0.5 M MaCI and 10% glycerol, and eluted with Buffer B 
containing 0.5 M NaCI and DTT at a concentration raised to 50 mM. The active fraction was concentrated with a MonoQ 
column as in Step 8 (St^ 9). 

[0049] Rnally. affinity column chromatography utilizing a synthetic ganglioside GM3 [GSC-211, NeuAc-Gal- 
20 GlcO(CH2)8NH2] (Hasegawa A. et aJ., J, Caitohydr. Chem., 9, 201-214. 1990) as a ligand was performed. An affinity 
column (0.7 x 3 cm) was prepared by allowing the GSC-21 1 to couple to ECH-Sepharose (Pharmacia) in the presence 
of N-ethyl-N*-(3'-dimethy1-aminopropyl)cartxxJiimide hydrochloride according to the instruction of the manufacturer. The 
enzyme fraction obtained from Step 8 was loaded on the column equilibrated with Buffer C (10 mM potassium phos- 
phate, pH 6.8, 0.04% Triton X-100. 1 mM EDTA 1 mM DTT. 20% glycerol), and eluted with a 0-0.5 M NaCI concentra- 
25 tion gracfient in Buffer C to collect 1 .5 nrd-fracbons (Step 10). 

[0050] The purification process using 3.5 kg of bovine brains as the start material was summarized in Table 1 . By the 
procedure explained above, the sialidase activity was purified by more than 100,000 times from the bovine brain partic- 
ulate fraction. The final sample was sut^ected to SDS-polyacrylamide gel electrophoresis aocortfing to the method of 
Laemmli (Laemmli. U.K. Nature, 227, 680-685, 1970) to deter mine its purity. As a result, while a weak band at 50k was 
30 observed other than the main 52k protein band, the staining density of the 52k protein was parallel with the activity elu- 
tion pattern from the affinity column, and in addition, this band was concentrated from Step 9 to 10. Ther^e, it was 
considered to be a sialidase enzyme protein. 



Table 1 



45 



55 



Step 


Total amount of 
proteins (mg) 


Total activity (Unit) 


Specific activity 
(Unit/mg) 


Purifkation 
degree (-fold) 


YieW (%) 


Particulate fraction 


36622 


1666327 


45.5 


1 


100 


Solubilized fractton 


23057 


1616337 


70.1 


1.5 


97 


DEAE-cdIulose 


13440 


1051740 


78.3 


1.7 


63 


Octyl-cellulose 


1581 


486000 


307 


6.7 


29 


Heparin-Sepha- 
rose 


112 


245520 


2188 


48 


15 


Sephacryl S-200 


4.51 


44670 


9926 


218 


2.6 


RCA-lectin agar- 
ose 


0.521 


25771 


49464 


1087 


1.5 


MonoQ 


0.220 


19590 


89045 


1957 


1.2 


Activated-thiol 
Sepharose 


0.0103 


18660 


1811650 


39816 


1.1 


Ganglioskle - 
Sepharose 


0.0012 


5773 


4851260 


106621 


0.34 
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(3) PhysicochemicaJ properties of bovine membrane-bMind sialidase 

[01^1 ] The physicocherracal properties of the ^zyme investigated by using the aforementioned purified enzyme are 
shovvn below. 

5 

(0 Substrate specificity 

[0052] The results of Investigations about the activity of the enzyme of the present invention for various substrates 
are shown in Table 2. The numerical values represent relative activity when the activity for the GD3-ganglioside is 
10 defined to be 100. 



Table 2 



Substrate 


Hydrolysis activity (%) 


Gangliostde 




GD3-ganglioside 


100 


GDla-ganglioside 


56 


C^^-ganglioside 


62 


Gf^-ganglioside 


3 


C^1-ganglioside 


1 


Synthetic ganglioside 




GSC-17(a2-3) 


110 


GSC-61 (a2-6) 


44 


OroGomucold 


2 


Fetuin 


2 


Qycophorin 


3 


Ovine subnnaxiliary gland nuicin 


3 


Bovine sut^maxitiary gland nujcin 


0 


a2-3 syalyllactose 


11 


4-MUNeuAc 


25 



40 [0(^] The hydrolysis of GSC-1 7 (a2-3) occurred at a rate 2.5 times higher than that of the hydrotysys of GSC-61 (a2- 
6), and hence the enzyme Is considered to be more likely to act on a2-3 linkage compared with a2-6 linkage. Further, 
since it did not act on a2-3 syalytlactose corresponding to the saccharide segment of the GM3 gartglioside, the cera- 
mlde segment is indispensable for a substrate. 

45 pi) Optimum pH 

[0(»41 4.7 to 5.0 

(iii) Molecular weight 

50 

[0055] About 65.000 as determined t^y sucrose density gradient centrifugation, 

[OC^] Akx)ut 52.000 as determined by SDS-polyaaylamide gel electrophoresis under reducing concfition. 
Cfv) Inhibition, activation etc. 

55 

[0057] A detergent is required for the activity. For example, it Is highly active in the presence of 0.1 to 0.2% of Triton 
X-1(K). 

VXSSB] Residual activities in the presence of varloi^ inhibitors are shown in Tat>le 3. The numerical values each rep- 
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resent 100 mnus (residuaJ activity (%) in the presence of inhibitor). 



Tat)le3 



Inhibitor 


Inhibition (%) 


CuCl2(1 mM) 


95 


4-Hydra)cy mercury benzoate (50 ^iM) 


92 


2-Deoxy-2,3-d^Tydro-Nnacetylneuraminic acid (0.2 mM) 


45 



(3) Peptide sequendng 

[0059] Because the abov&obtained final product was obtained at a low yield, the enzyme fraction of Step 9 was pre- 
15 pared in a similar manner by using 6 kg of bovine brains as the starting nmterial. and subjected to peptide analysis. The 
enzyme fraction was desalted by dialysis in the presence of 0.1% PVP-40 (sigma). concentrated with Centricon (Milli- 
pore), subjected to SDS-polyacrylamide gel electrophoresis as described above, and transfened to a PVDF membrane 
(Problott. Applied Biosystems). The location of the enzymatic protein was confirmed by Ponceau S staining, and the 
corresponding part of the membrane was excised, and digested with tysyl endop^Dtidase and then with endoproteinase 
20 Asp-N. The product was separated by high p^rmance liquid chromatography. 

[0060] The fractionated peptide was subjected to amino acid sequencing usng a peptide sequencer (Shimazu PSQ- 
1). The above microsequencing was performed according to the method of Iwamatsu ei af. (Iwamatsu A. and Yoshida- 
Kubomura N.. J. Biochem, 120, 29-34, 1996). The obtained sequences are represented in Rg. 1 and SEQ ID NOS: S 
9. SEQ ID NOS: 5-7 are amino acid sequences of the fragments obtained by the endoproteinase digestion, and SEQ 
25 ID NOS: 8 and 9 are amino acid sequences of tiie fragments obtained by the lysyl endopeptidase digestion. In SEQ ID 
NO: 5. the 2-5th amino acids are indefinite, and it is highly possible that the 2nd amino acid ^uld be Aia or Arg, the 
3rd amino acid be Glu or Gly, the 4th amino acid t>e lie or Tyr, and the 5th amino acid be Leu or Ser 

< 2) cDNA cloning of bovine brain sialidase 

30 

[0061] Based on the amino acid sequence of the peptide of the purified enzyme, which had been determined as 

desCTibed above. 10 sense or antisense degenerate primers of SEQ ID NOS: 10(DN1-1S), 11 (DN1-1A). 12{DN1-2S). 

13 (DN1-2A), 14 (DN2S). 15 (DN2A), 16 (DN3A), 17 (APIA). 18 (AP3S). and 19 (AP3A) were prepared (see Rg. 1). 

DN1, DN2, DN-3. AP-1. and AP-3 are designations of tiie peptides shown in Fig. 1, S means "sense", and A means 
35 "antteense". DN-1 represents a nucleotide sequence determined by assuming tfiat tiie undelinite amino acids of DN-1 

(the 2-5th amino acids) should be Ala. Glu. lie, and Leu. respectively, arxf DN-2 represents a nucleotide sequence 

determined by assuming that the undefinite amino acids of DN-1 should be Arg, Gly, Tyr, arxt Ser, respectively. 

[0062] Bovine brain total RNA was prepared by the acid guanidium-phenol-chloroform metiiod (Chomczynski P. and 

Sacchi N., Anal. Biochem. 162, 156-159, 1987). and poly(A)*RNA was purified by oligo(dT)-celluJose column chroma- 
40 tography. cDNA was prepared in accordance with the previous report (Miyagi T. et a/., J. Biol Chem., 268, 26435- 

26440, 1993) using the poly(A)'^RNA (1 mg) and reverse transcriptase (derived from Moiony murine leukemia virus, 

6RL), and amplification by PGR utilizing the cDNA as a template was attempted. 

[0063] The PGR reaction mixture (50 ml) had a composition of 50 mM KQ. 10 mM Tris-HGI (pH 8.3). 1 .5 mM MgGt2. 
0.01% of gelatin. 0.2 mM dNTPs (2 mM each of dATP, dGTP, dGTP and dTTP). 0.5 mg of cDNA. and 1 .5 units of Taq 

45 polymerase (Ex Taq. Takara). The DNA amplification was performed by 40 cycles of reactions of at 94''G (0.5 minutes], 
50**G (1 minute) and 72*0 (2 minutes), followed by extension reaction at 72*C for 10 minutes. The obtained 12 DNA 
anplification fragments were each sutx^loned in the Sma\ site of Bluescript vector (Sfaratagene), and subjected to DNA 
sequencing by the dideoxy method (Sanger F. etal., Proa Natl. Acad. ScL USA, 74, 5463-5467, 1977). 
[0064] As a result of examination for the validity of the amino acid sequences deduced from the nucleotide sequences 

50 of the segments corresponding to tiie printers within the amplified DNA fragm&its, presence or absence of a stc^ 
codon and tiie like, it was found tiiat only a PGR product of 0.5 kb obtained with primers AP3S and DN2A fuKilled those 
requirements. In addition, two Asp-boxes (-Ser-Xaa-Asp-Xaa-Gly-Xaa-Thr-Trp- (SEQ ID NO: 20)), which is a consen- 
sus sequence of sialidase, were found in tliis fragmern (amino add numbers 131-138 and 205-212 in SEQ ID NO: 2), 
and the deduced amino acid sequence exhibited 38% homology with respect to the amino add sequence of the cyto- 

55 plasmic sialidase, which we had previously isolated However, it did not exhibit significant homology with any other pro- 
teins. 

[0065] Then, a bovine brain Xgtl 0 library (Glontech) was screened by using the atxrve 0.5 kb cDNA as a probe. The 
cDNA was isotope-tabeled with [a-^P]dGTP using Random Primer DNA Labeling Kit (Takara), and phages (2 x 10^ 
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were saeened by plaque hybridization. The hybridization was carried out by using a nyton men*rane (Hybond N*. 
Amersham) acxmling to the instruction of the manufacturer. Among 15 positive dones. two of pBB121 (1 .45 kb) and 
pBB321 (2.8 kb) were estimated to contain the full coding regictfi. 

[0066] The nucleotide sequ^ice of the insert of pBB321 (2.8 tt>] and the amino actd sequence deduced from it are 
5 shown as SEQ ID NOS: 1 and 2. It was found that four types of amino acid sequences obtained from the peptide of the 
purified product were contained in It and as for DN-1 , the 2nd amino add of ON 1 -1 was A R. Moreover, because it was 
found that the same sequence was contained in bovine keratin based on protein database search, although it was not 
found tor the AP-1 sequence, it is highly possible that it originated from contamination of k^atin in the enzyme fraction 
used for the p^ide sequendng. 
10 [0067] In addition to the above-mentioned two Asp-boxes, another Asp-box was further found on their 3* side (the 
amino acid numbers 256-263 in SEQ ID NO: 2). A hydrophobic sequence considered to be a transmembrane domain 
was found between the two Asp-boxes (the amino acki numbers 174-194 in SEQ ID NO: 2). and a gtyoosylation site 
was found on its 3* side (the amino add nun±»er 349 in SEQ ID NO: 2). Because the enzyme has the characteristic that 
it is bound to RCA lectin as used in the purification procedure, it is considered that a saccharide chain actually attached 
IS to this site. The molecular weight of the protein calculated from the 428 amino adds is 48,000. and if one saccharide 
chain is attached, the actual value will become around 50,000. and it is not contradictory to the value determined for the 
above purified product by SDS-polyaaylamide get electrophores^. 

(3) Transient expression of sialidase cDNA in COS cell 

20 

[0068] The coding region of p6B121 (1.45 kb) was anrplified by PCR using 5' sense prim^ (SEQ ID NO: 21) which 
was added an EcoRI site and 3' antisense primer (SEQ ID NO: 22), and the obtained DNA fragment was purified by 
agarose electrophoresis. This product was ligated to the EcoRI site of SRa promoter high expression vector pME18S 
(provided by Dr. Kazuo Maruyama, Medical Department, Tokyo Medical and Dental University) having SV40 replication 

25 origin (pME18S-mSD), and introduced into COS-7 cells by electroporation to attempt its transient expression. Forty \iq 
of pME18S or pME18S-mSD was added to COS-7 cells (10^ cultured in DMEM containing 10% FBS (fetal bovine 
serum) in the logarithmic growth phase, left at room temperature for 10 minutes, applied with electric pulses at 250 V 
and 950 ^FD. left at room temperature again for 10 minutes, and then returned to the culture. 
[0069] The cells after the culture of 48 hours were collected. After the blood serum components were removed with 

30 PBS, the cells were added 9 volumes of PBS. and disrupted by ultrasonication for 10 seconds. The disrupted cell sus- 
pension was centrifuged under cooling at 1.000 x g for 10 minutes, and the resulting supernatant was used as a 
homogenate. Sialidase activity in the honx>genate of the transfectants was measured by using gangliosides as the sub- 
strate in the presence of Triton X-100 (0.1%). 

[0070] The specific activity of control cells having only the vector and the cells that were introduced with pME18S- 
35 mSD was 23.4 units/mg protein and 844.5 units/mg protein, respectively. Thus, tiie cells introduced with pME18S-nf>SD 
exhbited the activity 36 times higher than that of the control cel^ However, inaease of the activity for hydrolyzing 4MU- 
sialic acid was not observed at all. This result confirmed the results of the previous characterization of the purified prod- 
uct of the bovine brain enzyme, i.e., the expressed sialidase substantially specifically acted on gangliosides. and hardly 
acted on synthetic substrates such as 4MU-slalic add. 
40 [0071 ] Further, it was investigated whether the expressed sialidase localized in plasma membrane or not by using 
Percoll (Pharmada) concentration gradient centrifugation. In accordarwe witti a previous report (Sagawa J. et al., J. 
Biochem. 107, 452-456, 1990). the homog^iate was overlaid on 40% Percoll containing 0.25 M sucrose, centrifuged 
at 48,000 X g for 40 minutes, and fractionated, and the sialidase activity was measured. GanglbskJe sialidase activity 
was detected at the same location as thte activity distribution of 5*-nudeotidase a alkali phosphatase, which are marker 
45 enzymes of plasnrta membrane, and thus the localization of the expressed sialidase in plasma nrembrane was con- 
firmed. 

< 4) cDNA doning of human-derived ganglioside sialidase 

so [0072] When the primary structure of the bovine brain sialidase was compared with the previously isolated cytoplas- 
mic sialidase (Miyagi T. et al., J. Biol. Chem., 268, 26435-26440, 1993). it was found tiiat tiiey contained a sequence 
wen consen/ed in them (Rg. 2). Therefore, one set of primers was pr^>ared based on this amino add sequence (SEQ 
ID NOS: 23 and 24). In tiie amino add sequences shown in Rg. 2, ttie partial sequence of cDNA for bovine brain sial- 
idase (BBmSD) conesponds to the amino add numbers 49-209 of SEQ ID NO: 2. The rat skeletal nrwsde cytoplasmic 

55 sialidase (RMcSD) corresponds to the amino add numbers 1 -240 in tite amino add sequence of the sialidase. 

[0073] Human brain cDNA and human kidney cDNA were prepared under the same condition as the case of the 
bovine enzyme, and PCR was performed tsy using them as the tenplate. The anplified DNA fragment of 0.25 kb was 
subdoned. and the DNA sequence was determined. One Asp-box was found in this cDNA. A human brain Kgtl 0 cDNA 
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library and human kklney Xgt1 0 cDNA library (Qontech) were saeened by using the above DNA as a probe. By saeen- 
ing 8 X 10^ plaques for human brain and 1x10^ plaques tor human kicfiney, three positive clones (pHB82, pHB85, and 
pHB95) and one positive clone (pHK65) were obtained, respectively. 

[0074] When these DNA sequences were investigated after subcloning. an overtapped portion of 1 kb was found in 
5 all of them. Nudeotkfe sequences obtained from pHB95 containing the substantially wtiole coding region and pHK65 
containing 3* end non^xxiing region of 1 kb. and deduced amino acid sequences therefor are shown as SEQ ID NOS: 
3 and 4. They exhibited high homology with the sequences for bovine brain enzyme, i.e., 81% (87% tor only the coding 
regon) on the nucleotide level, and 82% on the amino acid levd. 

[0075] In SEQ ID NO: 4. the transmembrane domain corresponds to the amino add numbers 174-194. the glycosyla- 
10 tion site to the anrtino add number 348. and the Asp-boxes to tiie amino add numt>er8 13M38. 205-212. and 256-263. 
[0076] When the expression status was investigated in various human tissues by Northern Uotting using the 1.5 kb 
insert of pHB95 as the probe, high expression of mRNA of about 4 kb was observed in skeletal muscles, and mRNA of 
the same size was also detected in brain, liver and the like. 

IS Industrial Availability 

[0077] The present invention provides sialidase localized in plasma merr^rane and DNA coding for it The sialidase 
of the present invention cfiffors from sialidases known so far in tiiat it mainly localizes in plasma merr^rane. and specif- 
ically hydrolyze gangliosides. 
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SEQUENCE LISTING 

<110> Miyagiken 

<120> SIALIDASE LOCALIZED IN PLASMA MEMBRANE AND 
DNA CODING FOR THE SAME 

<130> 0P699 

<140> 

<141> 1999-U- 

<150> JP 9-132174 
<IS1> 1997-05-22 

<160> 24 ■ 

<170> Patentin Ver. 2.0 

<210> 1 
<211> 3003 
<212> DNA 

<213> Bos priiigenius taunis 

<220> 
<221> CDS 

<222> (259).. (1542) 
<400> 1 

gga^cttcct ggacttcctt tcctaacsgc tgttttcggc ttccccaatc Igtcagcccc 60 

gccgccagcc tctcgatgtc tctgtcgccg tgtttcttca cttttcgtgg tttgtgtccg 120 

cgtccgcagt ttctctcctg ccctcgtctc cagggcttga tcattctcca sggcttcagt 180 

gtcggagacg tgagtgcttg acccagcgcc cagatcagcc cgagagagat ggaggagccg 240 

gggttccctg cagaggtc atg gaa gaa gtg aca tea tgc tec ttc age age 291 
Net Glu Glu Val Thr Ser Cys Ser Phe Ser Ser 
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1 S 10 

cct ctg ttc cag cag gag gac aag aga ggg gtc acc tac egg ate cca 339 
Pro Leu Phe Gin Gin Glu Asp Lys Arg Gly Val Thr Tyr Arg He Pro 
IS 20 25 

gcc ctg ate tac gtg ccc cct gee cac acc ttc ctg gcc ttt gca gag 387 
Ala Leu He Tyr Val Pro Pro Ala His Tlir Phe Uu Ala Phe Ala Glu 
30 35 40 

aag cgc tec teg age aag gat gag gat get etc cac ctg gtg ctg agg 435 
Lys Arg Ser Ser Ser Lys Asp Glu Asp Ala Leu His Leu Val Leu Arg 
45 50 55 

cga gga tta agg act ggg caa tea gta cag tgg gaa ccc ctg aag tec 483 
Arg Gly Leu Arg Thr Gly Gin Ser Val Gin Trp Glu Pro Leu Lys Ser 
60 . 65 70 75 

ctg atg aaa gcc acg tta cct gga cac egg acc atg aac ccc tgt cct 531 
Leu Ket Lys Ala Thr Leu Pro Gly His Arg Thr Met Asn Pro Cys Pro 
80 85 90 

gtg tgg gag egg aag agt ggc tac gtg tac ctg ttc ttc ate tgt gtg 579 
Val Trp Glu Arg Lys Ser Gly Tyr Val Tyr Leu Phe Phe He Cys Val 
95 100 105 

caa ggc cat gtc acc gag cgt caa cag att atg tea ggc agg aac cct 627 
Gin Gly His Val Thr Glu Arg Gin Gin He Met Ser Gly Arg Asn Pro 
110 115 120 

gca cgc etc tgc ttc ata tgc age cag gat get ggc tat tea tgg agt 675 
Ala Arg Leu Cys Phe lie Cys Ser Gin Asp Ala Gly Tyr Ser Trp Ser 
125 130 135 

gat gtg agg gac ctg act gag gag gtc att ggc cca gag gtg aca cac 723 
Asp Val Arg Asp Leu Thr Glu Glu Val lie Gly Pro Glu Val Thr His 
140 145 150 155 

tgg gcc act ttt get gtg ggg cca ggt cat ggc ate cag ctg cag teg 771 
Trp Ala Thr Phe Ala Val Gly Pro Gly His Gly He Gin Leu Gin Ser 
160 165 170 
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ggg agg etc ate ate cct gca tat gee tac tae ate ccg ttc tgg ttc 819 
Gly Arg Leu lie He Pro Ala Tyr Ala Tyr Tyr lie Pro Phe Trp Phe 
175 180 185 

ttt tgc ttt egg ctg oca tat aga get agg cet cat tec ctg atg ate 867 
Phe Cys Phe Arg Leu Pro Tyr Arg Ala Arg Pro His Ser Leu Het He 
190 195 200 

tat age gat gae eta gga gee aea tgg cac cat ggc agg ctt ate aag 915 
Tyr Ser Asp Asp Leu Gly Ala Thr Trp His His Gly Arg Leu He Lys 
205 210 215 

ccc atg gtg aca gtg gaa tgt gaa gtg gca gag gtg ate ggg aag gee 963 
Pro Met Val Thr Val Glu Cys Glu Val Ala Glu Val He Gly Lys Ala 
220 225 230 235 

ggc cac cct gtg ctg tat tgc agt gcc egg aca oca aac agg cac egg 1011 
Gly His Pro Val Leu Tyr Cys Ser Ala Arg Thr Pro Asn Arg His Arg 
240 245 250 

gca gag gcc etc age att gac cat ggt gaa tgc ttt cag aaa cea gte 1059 
Ala Glu Ala Leu Ser He Asp His Gly Glu Cys Phe Gin Lys Pro Val 
255 260 265 

ctg age cat cag etc tgt gag ccc cct cat ggc tgt eaa. gge agt gtg 1107 
Leu Ser His Gin Leu Cys Glu Pro Pro His Gly Cys Gin Gly Ser Val 
270 275 280 

gtg agt ttc tgt ccc ctg gag ate cea ggt gga tgc cag gat ctt get 1155 
Val Ser Phe Cys Pro Leu Glu He Pro Gly Gly Cys Gin Asp Leu Ala 
285 290 295 

ggc gaa gat gca cct gcc att cag cag agt cct ctg ctg tgc age tea 1203 
Gly Glu Asp Ala Pro Ala He Gin Gin Ser Pro Leu Leu Cys Ser Ser 
300 305 310 315 

gtg aga cea gag ccg gaa get gga acc ctg tea gaa tea tgg etc ttg 1251 
Val Arg Pro Glu Pro Glu Ala Gly Thr Leu Ser Glu Ser Trp Leu Leu 
320 325 330 
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tac tea cac cca. &cc aat aag aaa egg agg gtc gat eta ggc ate tac 1299 
Tyr Ser His Pro Thr Asn lys Lys Arg Arg Val Asp Leu Gly lie Tyr 
335 340 345 

etc aac eag age ccc ttg gag get gee tgc tgg tec cgc ccc tgg ate 1347 
Leu Asn Gin Ser Pro Leu Glu Ala Ala Cys Trp Ser Arg Pro Trp lie 
350 355 360 

ttg cae tgc ggg ecc tgt ggg tac tct gat ttg get get ctg gag aat 1395 
Leu His Cys Gly Pro Cys Gly Tyr Ser Asp Leu Ala Ala Leu Glu Asn 
365 370 375 

gag ggc ttg ttt ggg tgt ttg ttt gaa tgt ggg acc aag cag gag tgt 1443 
Glu Gly Leu Phe Gly Cys Leu Phe Glu Cys Gly Thr Lys Gin Glu Cys 
380 385 390 395 

gag cag att gee ttc cgc ctg ttt aca gac cga gag ate ctg age cac 1491 
Glu Gin lie Ala Phe Arg Leu Phe Thr Asp Arg Glu He Leu Ser His 
400 405 410 

gtg caa ggg gac tgc tec acc cct ggt atg aac tct gag cca agt aaa 1539 
Val Gin Gly Asp Cys Ser Thr Pro Gly Met Asn Ser Glu Pro Ser Lys 
415 420 425 

aag taattcgctt aggacccaac tttgcataga aggctaccgt agaaggcagt 1592 
Lys 

cacagccagg acagtggagg ccaggataac agaggttact gaagtctgca gagaaacaaa 1652 
acacctaata ttctgctccc tacctgtttt cacttctcat tctccagaga acaaaatgaa 1712 
catcttgcca tagctactgc attcaaaaga gcactgaacg gtgagctgag agactatgat L772 
gtcatcttgg ctcttccact ggcttgcttt gggaccttgg acatgtcacc tgtactctct 1832 
gggcctcagg tctccatctg taaaaggaga gggtcggatc tctgatttct cttcttccca 1892 
tccctaggaa aggcagtgtg cctgcatgcc ccctgatcag caagtcctgg ctgtatgtag 1952 
gactcttatc tcaaaggcag gctccgcttt tcaaatgact tgccactcat ccaagtataa 2012 
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ggttacaagc aggt^tcata gcacaaagga agatgtaggt ggcctgtttt gtttttaata 2072 
acaaaagcac ttacatcctt ctgattatgc acgaagctct acagactcac tgttctagag 2132 
gaatcgggcc aagcagcaga attataggtc acttaccttc tccagcttta cagctctgct 2192 
ccacctttcc ttccttgtcc agaaagcatt acctctgaag gagaaaatga gatgctcaat 2252 
gtcagtgatc ttcaataatg gtacttaatg tttctgctgg catgactcct atgagagatg 2312 
aacttgaagt tcatttatta ggatagttat tgatgagaaa tgaacatggg ttaggacttc 2372 
aaagcatcgg acaaaacttt ctgctattgc tgctctcaag gagttcacag tttagggggc 2432 
tagaagaggg ataaaattga agaaaataaa tgtagctggg gggatagttt atagatattg 2492 
ggctctaagt gggagtgata gtagctgctg atggtattat tttaattgta tcttaattgt 2552 
gcctggagtc atctgcccca gaacttgtcc aagctgctgt ttgtttttct cagaatgttg 2612 
ttttcactca gccttcttta atggagacag tcgtcaccat tcagaaggtc tctggactca 2672 
aaaacctctg aatcaagcat atttgttcag acctactgaa atttggacca tctctactat 2732 
tagtgaagtg tagagatgct tctttatcta atagatttgg gataaacttt gacattgctg 2792 
gttctcagat gatagcagat ggttgctctt attttagatc atttcctcca taagcctttt 2852 
actgtgacag atactcttat tgtgagagct accttttttg tccctatttt tggaggataa 2912 
tgccttaaac aggcagcagg taaatatatt tggtgctgag taatgaccct ggagagtaag 2972 
tcgttgtcgt ggaacacagc ctagaaagtg g 3003 

<210> 2 
<211> 428 
<212> PRT 

<213> Bos priiigenius 
<400> 2 
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Ket Gin Glu Val Thr Ser Cys Ser Phe Ser Ser Pro Leu Phe Gin Gin 
15 10 IS 

Gltt Asp Lys Arg Gly Val Thr Tyr Arg He Pro Ala Leu He Tyr Val 
ZO 25 30 

Pro Pro Ala His Thr Phe Leu Ala Phe Ala Glu Lys Arg Ser Ser Ser 
35 40 45 

Lys Asp Glu Asp Ala Leu His Leu Val Leu Arg Arg Gly Leu Arg Thr 
SO 55 60 

Gly GIq Ser Val Gin Trp Glu Pro Leu Lys Ser Leu Met Lys Ala Thr 
65 70 75 80 

Leu Pro Gly His Arg Thr Met Asa Pro Cys Pro Val Trp Glu Arg Lys 
85 90 95 

Ser Gly Tyr Vai T^r Leu Phe Phe He Cys Val Gin Gly His Val Thr 
100 lOS 110 

Glu Arg Gin Gin He Met Ser Gly Arg Asa Pro Ala Arg Leu Cys Phe 
lis 120 125 

He Cys Ser Gin Asp Ala Gly Tyr Ser Trp Ser Asp Val Arg Asp Leu 
130 135 140 

Thr Glu Gla Val He Gly Pro Glu Val Thr His Trp Ala Thr Phe Ala 
145 ISO 155 160 

Val Gly Pro Gly His Gly He Gla Leu Gin Ser Gly Arg Leu He He 
165 170 175 

Pro Ala Tyr Ala Tyr Tyr He Pro Phe Trp Phe Phe Cys Phe Arg Leu 
180 185 190 

Pro Tyr Arg Ala Arg Pro His Ser Leu Net I le Tyr Ser Asp Asp Leu 
195 200 205 



Gly Ala Thr Trp His His Gly Arg Leu He Lys Pro Met Val Thr Val 
210 215 220 
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Glu Cys Glu Val Ala Glu Val He GI7 Lys Ala Gly His Pro Val Leu 
225 230 235 240 

Tjr Cys Ser Ala Arg Thr Pro Asn Arg His Arg Ala Glu Ala Leu Ser 
245 250 255 

lie Asp His Gly Glu Cys Phe Gin Lys Pro Val Leu Ser His Gin Leu 
260 265 270 

Cys Glu Pro Pro His Gly Cys Gin Gly Ser Val Val Ser Phe Cys Pro 
275 280 285 

Leu Glu He Pro Gly Gly Cys Gin Asp Leu Ala Gly Glu Asp Ala Pro 
290 295 300 

Ala lie Gin Gin Ser Pro Leu Leu Cys Ser Ser Val Arg Pro Glu Pro 
305 310 315 320 

Glu Ala Gly Thr Leu Ser Glu Ser Trp Leu Leu Tyr Ser His Pro Thr 
325 330 335 

Asn Lys Lys Arg Arg Val Asp Leu Gly He Tyr Leu Asn Gin Ser Pro 
340 345 350 

Leu Glu Ala Ala Cys Trp Ser Arg Pro Trp He Leu His Cys Gly Pro 
355 360 365 

Cys Gly Tyr Ser Asp Leu Ala Ala Leu Glu Asn Glu Gly Leu Phe Gly 
370 375 380 

Cys Leu Phe Glu Cys Gly Thr Lys Gin Glu Cys Glu Gin He Ala Phe 
385 390 395 400 

Arg Leu Phe Thr Asp Arg Glu He Leu Ser His Val Gin Gly Asp Cys 
405 410 415 

Ser Thr Pro Gly Met Asn Ser Glu Pro Ser Lys Lys 
420 425 
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<210> 3 
<211> 1892 
<212> DNA 
<2I3> Hoiio sapiens 

<220> 

<221> CDS 

<222> (11). ,(1294) 

<400> 3 

tgcagaggtc atg gaa gaa gtg aca aca tgc tec ttc aac age cct etg 49 

>tet Glu Glu Val Thr Thr Cjrs Ser Phe Asa Ser Pro Leu 
1 5 10 

ttc egg cag gaa gat gac aga ggg att ace tac egg ate cca gee etg 97 
Phe Arg Gin Glu Asp Asp Arg Gly He Ttir Tyr Arg lie Pro Ala Leu 
15 . 20 25 

etc tac ata ccc ccc acc cae ace ttc etg gee ttt gca gag aag cgt 145 
Leu Tyr He Pro Pro Thr His Thr Phe Leu Ala Phe Ala Glu Lys Arg 
30 35 40 45 

tec acg agg aga gat gag gat get etc cac etg gtg etg agg cga ggg 193 
Ser Thr Arg Arg Asp Glu Asp Ala Leu His Leu Val Leu Arg Arg Gly 
SO 55 60 

ttg agg att ggg cag ttg gta cag tgg ggg cee etg aag cca etg atg 241 
Leu Arg He Gly Gin Leu Val Gin Trp Gly Pro Leu Lys Pro Leu Met 
65 70 75 

gaa gee aca eta ccg ggg cat egg acc atg aac ccc tgt cct gta tgg 289 
Glu Ala Thr Leu Pro Gly His Arg Thr Met Asn Pro Cys Pro Val Trp 
80 85 90 

gag cag aag agt ggt tgt gtg ttc etg ttc ttc ate tgt gtg egg gge 337 
Glu Gin Lys Ser Gly Cys Val Phe Leu Phe Phe He Cys Val Arg Gly 
95 100 105 

cat gtc aca gag cgt caa cag att gtg tea ggc agg aat get gee egc 385 
His Val Thr Glu Arg Gin Gin He Val Ser Gly Arg Asn Ala Ala Arg 
110 115 120 125 
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ctt tgc ttc ate tac agt cag gat get gga tgt tea tgg agt gag gtg 433 
Leu Cys Phe He Tyr Ser Gin Asp Ala Gly Cys Ser Trp Ser Glu Val 
130 135 140 

agg gac ttg act gag gag gtc att ggc tea gag ctg aag cac tgg gee 481 
Arg Asp Leu Thr Glu Glu Val lie Gly Ser Glu Leu Lys His Trp Ala 
145 150 155 

aca ttt get gtg ggc cca ggt eat ggc ate cag ctg cag tea ggg aga 529 
Thr Phe Ala Val Gly Pro Gly His Gly lie Gin Leu Gin Ser Gly Arg 
160 .165 170 

ctg gtc ate ect gcg tat acc tac tac ate cct tec tgg ttc ttt tgc 577 
Leu Val He Pro Ala Tyr Thr Tyr Tyr He Pro Ser Trp Phe Phe Cys 
175 180 185 

ttc cag eta cca tgt aaa ace agg cct cat tct ctg atg ate tac agt 625 
Phe Gin Leu Pro Cys Lys Thr Arg Pro His Ser Leu Met He Tyr Ser 
190 195 200 205 

gat gac eta ggg gtc aca tgg cac cat ggt aga etc att agg ccc atg 673 
Asp Asp Leu Gly Val Thr Trp His His Gly Arg Leu He Arg Pro Met 
210 215 220 

gtt aca gta gaa tgt gaa gtg gca gag gtg act ggg agg get ggc cac 721 
Val Thr Val Glu Cys Glu Val Ala Glu Val Thr Gly Arg Ala Gly His 
225 230 235 

cct gtg eta tat tgc agt gee egg aca cca aac agg tgc egg gca gag 769 
Pro Val Leu Tyr Cys Ser Ala Arg Thr Pro Asn Arg Cys Arg Ala Glu 
240 245 250 

gcg etc age act gac cat ggt gaa ggc ttt cag aga ctg gcc ctg agt 817 
Ala Leu Ser Thr Asp His Gly Glu Gly Phe Gin Arg Leu Ala Leu Ser 
255 260 265 

cga cag etc tgt gag ccc cca cat ggt tgc caa ggg agt gtg gta agt 865 
Arg Gin Leu Cys Glu Pro Pro His Gly Cys Gin Gly Ser Val Val Ser 
270 275 280 285 
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ttc egg ccc ctg gag ate cca cat agg tgc cag gac tct age age aaa 913 
Phe Arg Pro Leu Glu He Pro His Arg Cys GIq Asp Ser Ser Ser Lys 
290 295 300 

gat gca ccc acc att cag cag age tct cca ggc agt tea ctg agg ctg 961 
Asp Ala Pro Thr He Gin Gla Ser Ser Pro Gly Ser Ser Leu Arg Leu 
305 310 315 

gag gag gaa get gga aca ccg tea gaa tea tgg etc ttg tac tea cac 1009 
Glu Glu Glu Ala Gly Thr Pro Ser Glu Ser Trp Leu Leu Tyr Ser His 
320 325 330 

cca acc agt agg aaa cag agg gtt gac eta ggt ate tat etc aac cag 1057 
Pro Thr Ser Arg lys Gin Arg Val Asp Leu Gly He Tyr Leu Asn Gin 
335 340 345 

acc ccc ttg gag get gcc tgc tgg tec cgc ccc tgg ate ttg cac tgt 1105 
Thr Pro Leu Glu Ala Ala Cys Trp Ser Arg Pro Trp He Leu His Cys 
350 355 360 365 

ggg ccc tgt gge tac tct gat ctg get get ctg gag gag gag ggc ttg 1153 
Gly Pro Cys Gly Tyr Ser Asp Leu Ala Ala Leu Glu Glu Glu Gly Leu 
370 375 380 

ttt ggg tgt ttg ttt gaa tgt ggg acc aag caa gag tgt gag cag att 1201 
Phe Gly Cys Leu Phe Glu Cys Gly Thr Lys Gin Glu Cys Glu Gin He 
385 390 395 

gcc ttc cgc ctg ttt aca cac egg gag ate ctg agt cac ctg cag ggg 1249 
Ala Phe Arg Leu Phe Ttr His Arg Glu He Leu Ser His Leu Gin Gly 
400 405 410 

gac tgc acc age ect ggt agg aac cca age caa ttc aaa age aat 1294 
Asp Cys Thr Ser Pro Gly Arg Asn Pro Ser Gin Phe Lys Ser Asn 
415 420 425 

taattggctt aggacceaat ttccatagat gcaaatggca gttacagaca ggttaacaga 1354 

agctaetgaa gtctacagat aateaaaaaa cttaatattc tgttccctac cttttttcac 1414 

ttttcctcct ecaaagagca aaatgaaaat tttgecttag ctaetgcagt ggaaagagca 1474 
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ctgaactagg a^tggaa^a caa^t^ ^cctggctc tgcactggct tgcttttgga 1S34 
ccttggatgt gtcacctgaa ctctctggac ctcaggtttc catctgtaaa atgagagtat 1594 
tggttctaag atttctcatc ttctcatccc taggacaagc atagtgcctg catgcttcat 1654 
satcagtaag tcctggctgc ataaaggact ctgatgtcaa aatggaaacc aggggactta 1714 
ccttttcaca tgacttaccc ctcatccgag tgtgaggtta caagcaggtg tcatggcagg 1774 
aaggaagacc agatctgtat gatttgttcc atttttaata acaaaaatat ccacaccctt 1834 
ttaataatgc tcagagttct gtaggctctc tatcctagag gaattgagca aaacagcc 1892 



<210> 4 . 
<21l> 428 
<212> PRT 

<213> ikmo sapiens 
<400> 4 

Met Glu Glu Val Thr Thr Cys Ser Phe Asn Ser Pro Leu Phe Arg Gin 
15 10 15 

Glu Asp Asp Arg Gly He Thr Tyr Arg He Pro Ala Leu Leu Tyr He 
20 25 30 

Pro Pro Thr His Thr Phe Leu Ala Phe Ala Glu Lys Arg Ser Thr Arg 
35 40 45 

Arg Asp Glu Asp Ala Leu His Leu Val Leu Arg Arg Gly Leu Arg He 
50 55 60 

Gly Gla Leu Val Gla Trp Gly Pro Leu Lys Pro Leu Met Glu Ala Thr 
65 70 75 80 

Leu Pro Gly His Arg Thr Jtet Asn Pro Cys Pro Val Trp Glu Gin Lys 
85 90 95 

Ser Gly Cys Val Phe Leu Phe Phe He Cys Val Arg Gly His Vai Thr 
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100 



105 



110 



Glu Arg Gin Gin He Val Ser Gly Arg Asn Ala Ala Arg Leu Cys Phe 
115 120 125 

He Tyr Ser Gin Asp Ala Gly Cys Ser Trp Ser Glu Val Arg Asp Leu 
130 135 140 

Thr Glu Glu Val He Gly Ser Glu Leu Lys His Trp Ala Thr Phe Ala 
145 ISO 155 160 

Val Gly Pro Gly His Gly He Gin Leu Gin Ser Gly Arg Leu Val He 
165 170 175 

Pro Ala Tyr Thr Tyr Tyr lie Pro Ser Trp Phe Phe Cys Phe Gin Leu 
180 185 190 

Pro Cys Lys Thr Arg Pro His Ser Leu Het He Tyr Ser Asp Asp Leu 
195 200 205 

Gly Val Thr Trp His His Gly Arg Leu He Arg Pro Met Val Thr Val 
210 215 220 

Glu Cys Glu Val Ala Glu Val Thr Gly Arg Ala Gly His Pro Val Leu 
225 230 235 240 

Tyr Cys Ser Ala Arg Thr Pro Asn Arg Cys Arg Ala Glu Ala Leu Ser 
245 250 255 

Thr Asp His Gly Glu Gly Phe Sin Arg Leu Ala Leu Ser Arg Gin Leu 
260 265 270 

Cys Glu Pro Pro His Gly Cys Glo Gly Ser Val Val Ser Phe Arg Pro 
275 280 285 

Leu Glu lie Pro His Arg Cys Gin Asp Ser Ser Ser Lys Asp Ala Pro 
290 295 300 



Thr He Gin Gin Ser Ser Pro Gly Ser Ser Leu Arg Leu Glu Glu Glu 
305 310 315 320 
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Ala Gly Thr Pro Ser Glu Sen Trp Leu Leu Tyr Ser His Pro Thr Ser 
325 330 335 

Arg Lys Cln Arg Val Asp Leu Gly lie Tyr Leu Asn Gin Thr Pro Leu 
340 345 350 

Glu Ala Ala Cys Trp Ser Arg Pro Trp He Leu His Cys Gly Pro Cys 
355 360 365 

Gly Tyr Ser Asp Leu Ala Ala Leu Glu Glu Glu Gly Leu Phe Gly Cys 
370 375 380 

Leu Phe Glu Cys Gly Thr Lys Gla Glu Cys Glu Gin lie Ala Phe Arg 
385 390 395 400 

Leu Phe Thr His Arg Glu lie Leu Ser His Leu Gin Gly Asp Cys Thr 
405 410 415 

Ser Pro Gly Arg Asn Pro Ser Gin Phe Lys Ser Asn 
420 425 



<210> 5 
<211> 10 
<212> PRT 

<213> Eos priiigenius taurus 
<220> 

<221> UNSURK 
<222> (2) 

<223> Xaa=ala or arg 
<220> 

<22l> UHSUHE 
<222> (3) 

<223> Xaa=glu or gly 
<220> 

<221> OHStlRE 
<222> (4) 

<223> Xaa=ile or tyr 
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<Z20> 

<221> UNSDRE 
* <222> (5) 

<223> Xaa=leu or ser 

<400> 5 

10 

Asp Xaa Xaa Xaa Xaa Ser His Val Gin Gly 
1 5 10 

IS 

<210> 6 
<2U> 5 
<212> PBT 

20 <213> Bos primigenius taurus 

<400> 6 

Asp Asp Leu Gly Ala 



<210> 7 

30 

<2il> 5 
<212> PBT 

<213> Bos prinigenius taurus 

35 

<m> 7 

Glu Glu Val Thr Ser 
I S 

40 

<210> 8 
<2U> 5 

*^ <212> PRT 

<213> Bos prlaigeaius taurus 

<400> 8 

so 

Lys Tyr Glu Glu Leu 
I S 

55 
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<210> 9 
<211> 9 
5 <212> PET 

<213> Bos priai^nius taunis 

<400> 9 

10 Lys Asp Glu Asp Ala Leu His Lea Val 

1 5 



'5 <210> 10 

<211> 26 
<212> DNA 

<213> Artificial Sequence 



20 



25 



35 



<220> 

<223,> Description of Artificial Sequence: synthetic 
oligonucleotide 



<220> 

<221> unsure 
<222> (6,15,17,18,24) 
30 <223> DPinosine 



<400> 10 

gaygcngara tyctnvnnca ygtnca 26 



<210> 11 
<211> 29 

40 <212> DNA 

<213> Artificial Sequence 

<220> 

45 <223> Description of Artificial Sequence .synthetic 

oligonucleotide 

<220> 

so <221> unsure 

<222> (5.12.13.15,24) 
<223> n=ino3ine 



55 
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<400> 11 

ccctgnacrt gnnvnagrat tycngcrtc 

<2I0> 12 
<2ll> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthet 
oligonucleotide 

<220> 

<221> unsure 

<222> (4»6.9.13,15,17,18,24) 
<223> n=inosine 

<400> 12 

gayngn^t aynsnvnnca ygtacaggg 

<2I0> 13 
<2I1> 29 
<2:2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthet 
oligonucleotide 

<220> 

<221> unsure 

<222> (6,11,12,14,16,21,24,26) 
<223> n=inosine 

<400> 13 

ccctgnacrt gnnvnsnrta nccncnrtc 
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<210> 14 
<2ll> 14 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: syntlietic 
oligonucleotide 

<220> 

<221> unsure 
<222> (9.11) 
<223> n=inosine 

<400> 14 
gaygayctng gngc 

<210> 15 
<211> 14 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequencersynthetic 
oligonucleotide 

<220> 

<221> unsure 
<222> (3,6) 
<223> n=inosiitt 

<400> 15 
gcnccnagrt crtc 

<210> 16 
<211> 15 
<212> DHA 

<213> Artificial Sequence 
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<220> 

<2Z3> Description of Artificial Sequcncetsynthetic 
oligonucleotide 

<220> 

<221> unsure 
<222> (1,3,4.7) 
<223> a=inosine 

<m> 16 

osnngtnacy tcytc 

<210> 17 
<211> 15 
<2L2> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequencersynthetic 
oligonucleotide 

<220> 

<221> unsure 
<222> (1,3) 
<223> n^inosine 

<400> 17 

nanytcytcr taytt 



<210> 18 
<211> 26 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
oligonucleotide 

<220> 
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<22l> unsure 
<222> (15.18.24) 
<223> a'=iQOsine 

<400> 18 

aargaygarg aygcnctnca yctngt 

<210> 19 
<211> 23 
<212> DHA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence '.synthetic 
oligonucleotide 

<220> 

<22l> unsure 
<222> (3.9.11) 
<223> iv=inosine 

<400> 19 

acnagrtgna gngcrtcytc rtc 

<210> 20 
<211> 8 
<212> PRT 
<213> OnknoTO 

<220> 

<'Z23> Description of (Jnknovn Organist: consensus sequence 
<220> 

<221> UllSDHE 
<222> (2.4,6) 

<223> Xaa=optional aaino acid 
<m> 20 

Ser Xaa Asp laa 6ly Xaa Thr Trp 
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<210> 21 
<21l> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
oligonucleotide 

<400> 21 

cccgaattcg tcatggaaga agtgacatca 



<210> 22 . 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
oligonucleotide 

<400> 22 

cccgaattct tactttttac ttggctcaga 



<210> 23 
<21l> 27 
<212> DKA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
oligonucleotide 

<400> 23 

^gacaccgga ccatgaaccc ctgtcct 
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<210> 24 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
oligonucleotide 

<400> 24 

cctggcccca cagcaaaagt ggccca 26 



Claims 

1. A protein defined in the following (A) or (B): 

(A) a protein which has the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4. or 

(B) a protein which has the amino acid sequence including substitution, ddetion, insertion, or transition of one 
or se\^eral amino add residues in SEQ ID NO: 2 or SEQ ID NO: 4, and exhibits activity to eliminate a sialic acid 
residue from a non-reducing terminal of ganglioside. 

2. A DNA coding for a protein defined in the following (A} or (B) : 

(A) a protein which has the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4, or 

(B) a protein which has the amino acid sequence including substitution, deletion, inserton, or transition of one 
or several amino add residues in SEQ ID NO: 2 or SEQ ID NO: 4, and exhbits activity to eliminate a sialic acid 
residue from a non-reducing terminal of ganglioside. 

3. The DNA according to claim 2 which has the nudeotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3. 
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49' K0EDALHLVLRR6— L BBaSO 

*«. « . ***** 

r IETCPVLQKETLFHTEVYAYRIPALLYLKKQKTLLAFAEKRASRTDEHAELIVLRR6SYN RHeSO 

63' RT6QSVQ1EPLKSUIKATLP GHRTMNPCPV1 ERKSGYVYLFF I CV06HVTERQQ I MS6RN BBoSO 

. . ♦ ♦ ***** **** ♦. *. ♦.*..*. . * 

61' 6ATNHVKff0PEEVVT0AOLE6HRSIlNPCPLYDKQTKTLFLFFIAVP6RVSE0H0LOTRVN RicSO 

123- AARI CFICSQDA6HSlSDVRDLTFEVI6PEVT mATFAVflPQH eiQL~QS6RLI I PAY A BBflSD 

. . *** . ***.***. ****. . **. . . ********** . ♦* ..*.*.. **** 

1 21 ' VTRLCRVTSTDYGINISPVQOLTETT I GSTHQOff ATFAV6P6HCLQLRNRA6SLLVPAYA RIcSO 

181' YYtPFVFFCFRLPYRARPHSLMIYSODLG BBmSD 
* 

181' YRKLHPVHKPTPFAFCF I SLDHQHTWEL6NFVSENSLECQVAEV6TGAHRWYLNARSF I RMoSD 



Fig. 2 
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